Rabies virus (RABV) is enzootic throughout most of the world. It is now widely accepted that RABV had its origins in bats. Ten of the 11 Lyssavirus species recognised, including RABV, have been isolated from bats. There is, however, a lack of understanding regarding both the ecology and host reservoirs of Lyssaviruses. A real-time PCR assay for the detection of all Lyssaviruses using universal primers would be beneficial for Lyssavirus surveillance. It was shown that using SYBR ® Green, a universal real-time PCR primer pair previously demonstrated to detect European bat Lyssaviruses 1 and 2, and RABV, was able to detect reverse transcribed RNA for each of the seven virus species available to us. Target sequences of bat derived virus species unavailable for analysis were synthesized to produce oligonucleotides. Lagos Bat-, Duvenhageand Mokola virus full nucleoprotein gene clones enabled a limit of 5-50 plasmid copies to be detected. Five copies of each of the synthetic DNA oligonucleotides of Aravan-, Khujand-, Irkut-, West Caucasian batand Shimoni bat virus were detected. The single universal primer pair was therefore able to detect each of the most divergent known Lyssaviruses with great sensitivity.
Introduction

23
Rabies virus (RABV), genus Lyssavirus, family Rhabdoviridae, is 24 enzootic throughout most of the world. The domestic dog (Canis 25 familiaris) acts as the principal vector (Knobel et al., 2005 (Knobel et al., , 2007 , 26 however, a range of mammalian carnivores also can act as hosts 27 (Childs and Real, 2007; Davis et al., 2007; Hass and Dragoo, 2006; 28 Nel et al., 1993; Real et al., 2005; Rupprecht et al., 1995; Swanepoel 29 et al., 1993; Velasco-Villa et al., 2005; von Teichman et al., 1995) .
30
Rabies remains the only disease considered to have a 100% mor-31 tality rate and millions of animals are killed each year from both 32 the disease and control programmes (Knobel et al., 2005) . It is now , 1997; Wakeley et al., 2005) .
138
The cDNA was diluted 1:10 in nuclease-free water. Real-time PCR methods using JW12 and N165-146 primers pre-159 viously described (Wakeley et al., 2005) were adapted for use using 160 the dsDNA dye SYBR ® Green (Applied Biosystems, Foster City, CA,
161
USA). The primers were designed against all the Lyssavirus species 162 available at the time of the original study (n = 7 species) using N 163 gene sequences from 557 viruses (Wakeley et al., 2005) . Primer 164 sequences and locations used in this study are given in Table 2 .
165
Consensus sequences for the N gene were generated for all synthesised (see below).
206
To produce the N gene clones, total RNA was isolated as Table 2 Primers used for the qRT-PCR sensitivity study. Primers for the production of full length nucleocapsid gene amplicons for cloning during this study, and primers used in the real-time PCR assays, are described, where R, purine (A/G); Y, pyrimidine (C/T). 
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Results
250
Viral nucleic acids from each of the Lyssaviruses available were 251 detected by the universal primers using a SYBR ® Green (Applied
252
Biosystems, Foster City, CA, USA) qPCR assay when RNA was 253 extracted from infected material ( Table 3 ). The qPCR products pro-254 duced were detectable by both SYBR ® Green (Applied Biosystems,
255
Foster City, CA, USA) and gel electrophoresis (data not shown). 
261
The comparative sensitivity of a qPCR assay using this primer 262 pair has already been assessed for RABV, EBLV-1 and -2. There- depending on Lyssavirus species and lineage (Table 3) , a similarly 270 greater sensitivity to that for the RABV, EBLV-1 and -2 qPCR assay 271 using the same primers (Wakeley et al., 2005) . 
277
This was shown to be 5-50 plasmid copies. An approximate 28-fold 278 sensitivity was lost during the RT step (Table 3 ).
279 Fig. 1 . Alignment of all Lyssavirus species to date with JW12 forward and N165-146 reverse primer. Dots represent identity to consensus sequence, hyphens are gaps for optimal alignment. Primer region is underlined for clarity. Nucleoprotein start sequence is in bold. Position 1 is the start of the genome. Sequences used in this alignment are as follows: RABV is PV (NC001542), LBV (a) is 0406SEN (EU293108), LBV (b) is 8619NGA (EU293110), LBV (c)* is LBVSA1980 (EF547457), MOKV is 86101RCA (EU293118), DUVV is 94286SA (EU293120), EBLV1 is RV9 (EF614261), EBLV-2 is RV1333 (EF157977), ABLV (AF418014), ARAV (EF614259), IRKV (EF614260), KHUV (EF614261), WCBV (EF614258) and SHIBV (GU170201). *Please note: genome sequence was not available for this sub-species, therefore full N was used instead.
Please Table 3 PCR assay sensitivity for a range of Lyssaviruses tested during this study. RNA was extracted from infected material for the 'limit of detection' studies, serially diluted and used to generate cDNA. The same cDNA sample was used for both the hemi-nested PCR and SYBR ® Green PCR with the limit of detection dilutions of initial total RNA given for comparison. Nucleoprotein gene plasmid copies or synthetic Ultramer DNA oligonucleotide copy detection limit and RNA generated by in vitro transcription (IVT) copy numbers from these plasmids are also given. Not tested is shown by "-", not available by "NA".
Isolate reference
Lyssavirus species
Limit of detection by hemi-nested
Plasmid or synthetic Ultramer DNA oligonucleotide copies detected by SYBR Yes 10
LBV (a) 10
Yes 10 
